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THEORETICAL GAS PULSATION IN DISCHARGE PASSAGES 
OF ROLLING PISTON COMPRESSOR, PART 1: BASIC MODEL 
Y. K. Kim and W. Soedel 
School of Mechanical Engineering 
Purdue Un~versity 
W. Lafayette, IN 47907-1288 
1. INTRODUCTION 
The mathematical model of a rolling piston compressor consists of three part. The first part models the cylinder pressure and the flow through the valve, which includes the kinematic relationship between cylinder volume and crank position, and the equation of motion and flow equation for the valve. The fundamental frequency and mode of the valve reed is obtained using an energy approach in the second part. The expression for the critical overall flow orifice as function of a valve reference displacement is developed. This allows the modeling of the forces on the valve as function of valve displacement and pressure drop across the valve. This paper concentrates on the third part, the modeling of gas pulsation in the discharge manifold and gas passages. The approach is based on the Helmholtz descretization method [1 ,2,3]. The equations of the dynamic pressures in the interior cavities of the discharge manifold are derived. The equations of motion of the gas plugs in the gas passages are also derived. This study is repeated for a modified system which includes a side branch resonator. The results of computer simulation program and parametric study are presented in part II. 
The kinematic equations of the rolling piston compressor can be derived from the geometry of the cylinder, vane and rolling piston. The cylinder volume is divided into two volumes by the vane and rolling piston. The first one is called the suction volume and increases as a function of time or crank angle until it reaches its maximum. In this stage the refrigerant gas expands into the cylinder volume. Another volume is called the discharge volume which decreases as a function of time or rotation angle. In this stage the refrigerant gas undergoes compression up to a certain pressure and is discharged out of the cylinder. After one cycle, the suction volume becomes the discharge volume and vise versa. This process repeats every two cycles. 
In developing the equation of motion of the valve reed, it is important to understand the forcing that acts on the valve reed[3 ,4]. The flow forces are due to the flow through the valve and the pressure difference across the valve. It is very difficult to predict the exact forces theoretically. However, the method of effective areas will approximate the forces successfully. The effective flow area is mainly controlled by the displacement of the valve reed. The idea of this method is that the valve reed is displaced parallel to the valve seat so that the total forces acting on the valve can be calculated by multiplying the pressure difference with the effective force area. This effective force area includes the effect of the momentum change due to the geometry of the valve port as well as the pressure distribution. In developing the equation of the effective force area, it was assumed that the gas changes its direction by ninety degrees as it flows out under the valve. This assumption is not true when the displacement of the valve becomes large. In our model, the valve stop keeps the valve in the relatively small displacement range so that it is reasonable to use the above assumption. 
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2. EQUATION OF MOTION OF DISCHARGE SYSTEM 
2.1 Gas Pulsations 
The mathematical model described here mainly concentrates on the modeling of the gas 
pulsations in the discharge manifold and gas passages. The approach is based on the 
Helmholtz discretization method(3]. Any geometric shape that consists of a volume with a 
short neck and is filled with a compressible fluid or gas can be analyzed by the Helmholtz 
discretization method. The idea of the Helmholtz discretization method is that if a volume-
neck combination is made to vibrate, the gas in the neck behaves as a mass on the spring 
which is provided by the compressible gas in the volume. It is assumed that the 
compression process is linear in the analysis of the resulting oscillation. The presence of 
mean flow does not change this concept. 
Figure 1 shows the schematic of the gas passages. First, the equation of motion of a 
Helmholtz resonator is to be derived. The forces acting on the plug of gas in the neck are 
shown as a free body diagram in Figure 2. The free-body diagram gives 
.. 
A 1 (PI - P2) - L 1 A 2 p ~ 1- D 1 ~ 1 = 0 
.. . 
A2(Pz- P3)- L2A2P~z- Dz ~2 = 0 
(1) 
(2) 
where ~ is the positive displacement[ft], D is the damping coefficient[lb·sfft], A is the 
cross-sectional area[ft2], Lis the effective length[ft], p is the density of the gas[lbm·s
2 /ft4], 
and P is the dynamic pressure[psf]. 
Volume afu:r 
'-------. .-------' nlOtor gap 
Volumeoom 
n10tor BliP 
Figure 1. Simplified model of gas passages 
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Figure 2. Free body Diagrams 
The dynamic pressure P 1 is the pressure increase in volume V 1 above the mean pressure 
Pd, and is[3] 
(3) 
The pressure differential P2 is the pressure change in volume V 2 above the mean pressure, 
and is 
- K d V 2 
v2 
where K = pc2. Since 




In the derivation of P3 , it is assumed that the pipe is long enough so that the pressure 
wave will not be reflected from the pipe, but will be dissipated. This system is called an 
anechoic pipe. This assumption has been used in the past with reasonably good success, 
but it would be desirable to investigate in the future a finite condenser pipe with gradually 
changing quality of refrigerant all the way to the expansion device. The oscillating 
pressure at the pipe entrance can be obtained from reference[3]: 
(7) 
The pressure differential P3 is again the pressure increase in volume V 3 above the mean 














Substituting Eqs.(3) and (6) into Eq.(l) and Eqs.(6) and (10) into Eq.(2), and rearranging 
gives the other two equations of motion, respectively. The three equations of motion, now, 





The right hand side of Eq.(12) represents the mass flow input from the valve. These 
equations of motion are added to the computer simulation for the discharge gas passages. 
2.2 Natural Frequencies of Gas Passages 
Once the equations of motion of the system are obtained, natural frequencies of the 
system can be calculated. As a rule, if the system has n degree of freedom, there will be n 
natural frequencies, co;(i=l ,2,"· ,n) and n natural modes of vibration. After removing the 
anechoic termination terms, damping effects, and the forcing term in order to obtain free 
vibrating equations, the equations of motion of the system become 
(15) 
(16) 
The free vibration equations can also be written in a matrix form: 







Because the natural frequencies of the system are of interest since in their vicinity the 
system acts as an amplifier rather than a muffler, they are obtained in the following. Since 
it is assumed that the system is excited harmonically at the natural frequencies, the 
following solution is substituted into Eq.(l7): 
{ ~} = { u} e iaJ' (21) 
where { u} is the mode of vibration to be found and ro is the natural frequency of the system 
also to be found. Thus, we get 
(22) 
Rearranging Eq.(22) gives 
[r k ] - [ m ] {j) 2 ]{ u} = 0 (23) 
For instance, substituting Eq.(18) and (19) into Eq.(23) gives 
(24) 
Eq.(24) has a solution of either {u}=O, or the determinant for the coefficient of {u} is zero. 
However, because {u}=O is a trivial solution (since it simply corresponds to the zero 
motion case), the solution has to be 
lr k J - r m ] w 2 1 = o (25) 
Solving Eq.(25) gives the characteristic equation of the system, which is 
(26) 
This equation has two positive and real roots, mi and OJ~. Since the negative values are 
physically meaningless, they are neglected. The two positive values, ro 1 and co2 , are the 
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natural frequencies [rad/sec] of the system. This equation reduces to the equation given in 
reference [5] if V 3 --7 co. 
The natural frequencies of vibration are useful tools for further analysis. As the system 
is forced to oscillate by the valve flow, the danger occurs that certain excitation frequency 
components are close to one of the natural frequencies. In other words, when the system is 
operated at a rotating speed or integer multiple of operating speed which is equal to one of 
its natural frequencies, high amplitude gas pulsations occur, which may cause high noise 
level. This situation is known as resonance. At the natural frequencies, the magnitude of 
the Fourier spectrum reaches a maximum. One of the design goals should be avoidance of 
resonance, even while this is often impossible for practical reasons. The fact that these 
quasi·independently calculated natural frequencies do occur in the simulated Fourier 
spectra is another, however practical, verification of the simulation. 
3. MODIFIED SYSTEM 
A extra volume with neck (a side branch Helmholtz resonator) is attached to the valve 
cover of the muffler system shown in Figure 3. This extra volume does not quite replace the 
side branch resonator located in the valve port, but can be viewed as an approximation. 
The actual configuration should be modeled eventually, however, by changing the way the 
flow passages of the valve are presently modeled; this can be done by considering unsteady 
flow effects and has been proposed to the sponsor of the research as a continuation. The 
design of the modified discharge system is shown in Figure 3. 
The equations of motion of this system can be obtained by following the procedure 






These equations of motion are solved in the computer simulation program to obtain the 
performance of the modified muffler system. 
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Figure 3. Schematic of modified system. 
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